UF retentates from milk and whey containing respectively 22 % and 14 % dry matter, 14 % and 6.6 % protein, 4.7 % and 4.8 % lactose, 1.7 % and 0.9 % ashes, from the initial pH 6.3-6.8 were acidified by Lactobacillus acidophilus to pH 3.6-3.8 i.e. a lactic acid content 3-3.5 %. Pasteurized, acidified milk or whey retentates (32 % or 35 %) were mixed with 63 % or 60 % pasteurized non-acidifield milk retentate and with 5 % butter starter. The acid cu rd cheese contained respectively from milk and whey: 21 % or 18 % dry matter, 13 % or 11 % protein, 3.8 % or 3.7 % lactose, 1.6 % or 1.4 % ash, 1.3 lactic acid and had pH 4.7.
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INTRODUCTION
Application of ultrafiltration for preparation of cheese by the method called MMV (Maubois and al., 1969) increases the recovery of milk protein from 79-83 % to 93-95 % (Maubois and Mocquot, 1971) and the yield of cheese by 15-20% (Maubois and Mahaut, 1974) . Preparation of acid curd cheese type quarg by this method has been described in numerous articles (Brulé and al., 1975; Puhan and Gallmann, 1981; Friis, 1981; Gungerich, 1981; Mahaut and al., 1982; Mann, 1982 a, b; Maubois and Brulé, 1982; Moldovan and al., 1982) . Direct ultrafiltration at normal pH enables to retain whey proteins and the colloïdal calcium, normaly being lost with the quarg whey (Brulé and al., 1974) . The quarg obtained through this method could be of good quality (Gungerich, 1981; Moldovan and al., 1982) but sometimes acidic taste is detected (Brulé and al., 1975) . To reduce calcium retention, the pH of milk, before ultrafiltration takes place, has to be slightly decreased (Brulé and al., 1974; Friis, 1981; Puhan and Gallmann, 1981) or even, as described by Stenne, 1973 and Mahaut and al., 1982 lowered until pH 4.5-4 .7 wh en UF equipments authorize treatrnent of highly viscous dairy products. Whey proteins can also be separated from the whey by ultrafiltration and added to the cheese milk or quarg obtained by traditional method (Knupfer, 1982 ; Stenne, 1976) .
Traditional technology of acid curd cheese requires acidification of milk to pH 4.6 to enable the separation of casein curd by centrifugation or decantation and filtration. The acidification by mesophilic lactic acid bacteria lasts for 6-20 hours at 25-30°C. Because of parallel multiplication of other microorganisms, the acid type curd is generally contaminated by E. coli, Staphylococci, Pseudomonas, Enterococci, Klebsiella, anaerobie spores, hemolytic bacteria and other pathogenic microorganisms (Maleszewski and al., 1976; Burzynska, 1980; Feder, 1981; Maciejska-Roczan and Burzynska, 1981) .
The application of higher temperature and longer time for milk pasteurization results with higher retention of milk pro teins (Korolczuk and al., 1971, 1975; Strmiska, 1980; Dolle, 1981) higher nutritive value (Korolczuk and al., 1975) and improved microbiological quality (Kroger, 1979; Strmiska, 1980; Dolle, 1981) but gives softer texture because of higher retention of water (Daniewski, 1973 ).
Thermization of acid curd cheese (Snoeren, 1980; Strrniska, 1980; Dolle, 1981) improves very rnuch microbiological quality but requires special hydrocolloids to prevent excessive expulsion of whey.
Another method is based on pasteurization of milk acidified to pH 3.5 or below with thermophilic starter, and preparation of acid curd cheese by mixing 1/3 of acidified milk with 2/3 of nonacidified pasteurized milk and with 5 % of mesophilic starter (Korolczuk and al., 1983 ).
In the case of Poland, where annual per capitaconsumption of acid curd cheese, called tvarog is of the range 9.5 kg, while rennet type cheeses only 2.5-2.6 kg (FIL, 1981 ) the implantation of MMV method for production of this type of chee se would be important from economical but also from nutritional point of view. The initial trials however were not very successful, mainly because of low microbiological quality of raw milk.
The aim of this work was to use thermophilic starter (L. acidophilus) for preparation of acid curd cheese (Korolczuk and al., 1983) from milk and whey protein .retenta tes prepare d, as described by Maubois and Mocquot (1971) , to obtain quarg type cheese enriched in whey proteins and calcium and of higher microbiological and keeping quality.
Il. MATERIALS AND METHODS
Pooled skimmilk and skimmed serni-hard cheese whey obtained with a rennet like microbial enzyme-fromase (Rapidase Co., France) were used for the preparation of milk and whey retentates.
Amicon (U.S.A.) hollow-fiber, 3 X 0.9 m 2 UF module was used for ultrafiltration. 100 litre of milk or 150 litre of whey pasteurized at 65°C for 20 minutes were ultrafiltrated ta remove about 80 % of permeate from milk and 90 % fram the whey ( fig. 1) . The initial fig. 1 Schéma of preparation of retenta tes and acidified retenta tes from skim milk and whey. Mimilk, W-whey. Ul--ultrafiltration, MR-mi/k retenta te. WR-whey retenta te. Pvpcrmeatc, SrL. acidophilus starter, AMR-acidified milk retentate, AWR-acidified whey retentate.
Schéma du procédé de préparation des rétentats de lait écrémé et de lactosérum : M.-lait, W-lactosérum, Uli-ultraiiltration, MR-rétentat de lait, WR-rétentat de lactosérum, P-perméat, Srlevain de L. acidophi/us, AMR-rétentat acidifié du lait, AWR-rétentat acidifié du lactosérum.
ultrafiltration rate was about 50 ljm 2 .h and final about 10 ljm 2 .h. The inlet/outlet pressure was l.8-2.0 bar/0.8-l.0 bar. The recirculation rate was about 2 m 3 /h. The temperature was maintened at the level 53 ± 2°C. Pasteurized (65°C; 20 min) retenta tes were inoculated with 0, 2 or 5 % of starter of L. acidophilus IT (from the collection of Agricultural University in Warsaw). The starter was prepared one day before, on .skim milk heated at 95°C for 30 min, fe.rmented to the pH 4.5-4.3 at 43°C and stored overnight at 5°C.
For preparation of quargs, the acidified milk retentates (AMR) or acidified whey retentates (AWR) were prepared by inoculation of retenta tes with 5 % of L.acidophilus starter (51) and the incubation for 24 h at 43°C. Acidified retenta tes to pH 3.5-3.7 were pasteurized 65°C, 20 min). Quargs were prepared by mixing the milk retentate fig. 2 Schema of preparation of quargs from milk retentate (MR), acidified milk retenta te (AMR), acidified whey retentate (AWR) and butter starter (S2)' MQ-milk quarg, WQ-whey protein enriched quarg.
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Schéma du procédé de préparation de fromage frais type quarg à partir de : rétentat de lait (MR), rétentat acidifié de lait (AMR), rétentat acidifié de lactosérum (AWR) et de ferments de beurre (52)' MQ-quarg à base de lait, WQ-quarg enrichi en protéines de lactosérum.
The pH of retentates and quargs was determined by means of pl-l-meter type PHM-64 (Radiometer, Denmark). The titrable acidity was determined using a titrator type TTT-60 (Radiometer, Denmark) and expressed in percentage of lac tic acid. Nitrogen was determined by Kjeldahl method using a Kjel-Foss Automatic apparatus (AIS N. Foss Electric, Denmark). Moisture content was determined at 102°C for 5 hours and ash at 550°C (AüAC, 1975) , lactose by Bertrand method (FIL-IDF, 1974 a) . Microbiological analysis and sensory evaluation were carried out using standard methods (FIL-IDF, 1971 a, b; 1974 b; 1980; 1981 a) .
III. RESULTS AND DISCUSSION
During ultrafiltration pH of milk retentate increased slighty (about 0.2) probably because of increased calcium concentration and increased proportion of calcium to soluble anions, as the major part of soluble anions passed through the membrane with the permate, while the major part of calcium was retained with casein.
The level of concentation, about 5 times for the milk and about 10 times for the whey was practically maximal for the hollow fiber type of membranes we used. The viscosity of retenta tes even at 53°C became to high to continue the process, For the whey, though the protein concentration was rather low (below 7 %) but the viscosity rose too high, probable because of thermal denaturation by 3-4 hours lasting heating at 53°C.
Acidification of milk or whey retentates ( fig. 3 and 4) by L. acidophilus at 43°C enabled to achieve the level of pH 3.6-3.8 and the concentration of lactic acid 3.0-3.5%. Non-inoculated retenta tes were acidified by the residual microflora to the level of about 1 % lactic acid and pH 4.5-5.0.
If not taking into account the existence of lag phase, for the first 6 hours at least the acidification of retentates followed roughly the kinetics of the first order reaction : t pH -pHo --tl where pHo: initial pH level, calculated by the least squares method: t : time of acidification in hours, tl : time of acidification in hours to decrease pH by 1 unit or to multiply the H+ ions concentration by 10, calculated by the least squares method.
The value tl depended on the quantity of starter added to the whey or milk retentate. As it is given in fig. 3 and 4 the residual microflora caused the decrease of pH by 1 unit every 24 hours for Effect of the quantity of L. acidophilus starter on the changes of pH during acidification of the milk retentate: e-o %, Â-2 %, • -5 % starter added to the retentate. The average (points) and the standard deviation (vertical Enes) were calculated for four series of experiments. 
Effect of the quantity of L. acidophilus starter on the changes of pH during acidification of the whey retentate: 0-0 %, 6-2 %, 0 -5 % starter added to the retentate. the milk retentate. This depended on buffer capacity which was greater for milk retentate because of higher protein concentration, but also on the environmental conditions of growing L. acidophilus. The final pH 3.5-3.7 mesured after 23 hours of acidification remained unchanged after 48 hours.
There was linear correlation between the pH and the logarithm of lactic acid concentration ( fig. 5 ) : log C = log Co -A. pH (2) where C: concentration of lactic acid (% w/w) Co : hypothetical concentration of lactic acid for pH = 0, calculated by the least squares method, A : pH decrease, caused by ten-fold increase of lactic acid concentration, calculated by the least squares method.
For milk and whey retentates Co was respectively 85 % and 71 % and A was respectively equal 0.37 and 0.38. Brulé and al., (1974) found that the quantity of lactic acid COL) to be added to the retentate to change the pH from 6.6 to 4.7 is expressed by the equation: The correlation between the pH and the logarithm (Log) of lactic acid concentration (%) As protein concentration factor in our experiments was on average 4.24, this after recalculation according ta equations (3) and (2) gives the value A = 0.34. The results of Ehsani and al., (1982) recalculated by the equations (3) and (2) Brulé and al., 1975; Puhan and Gallman, 1981; Grungerich, 1981; Winwood, 1983) . The main difference in the chemical composition of UF quargs is higher ash content caused by higher retention of calcium (Maubois and Mocquot, 1971; Brulé and al., 1974; Puhan and Gallmann, 1981) . From nutritional point of view this is an important advantage of MMV method. Higher calcium content is compensated by higher lactate concentration (Brulé and al., 1974, 1975; Puhan and Gallmann, 1981 ; Mahaut and al., 1982) . The normal calcium concentration in the quarg type cheese is 0.125 % while in i ! the UF quarg 0.33-0.41% (Brulé and al., 1974, 1975; Puhan and Gallmann, 1981; Mahaut and al., 1982; Winwood, 1983) . On the molar basis, to compensate 0.2-0.3% of a dditional calcium, lactic acid concentration should be higher by 0.9-1.2%. But practically, because most of the calcium is binded to phosphate and carboxylic groups of protein, additional lactate concentration in UF quarg is only 0.4 % higher than in the traditional one (Brulé and al, 1975) . It means that only 30-40 % of additional calciums is in a free ionized farm.
In the case of UF quarg obtained by MMV method described here, with acidified whey protein retentate used as an acidifying agent, the whey· proteins to casein ratio was 1 : 1.7, while in the case of traditional quarg it is 1 : 30 to 1 : 20. From nutritional point of view, whey proteins are more valuable than casein, so they are used for preparation of so called humanized baby food. The quarg obtained by the method described above, could be called humanized too.
The amount of milk per kg of traditional quarg, containing 17,5 % solids and 12.5 % protein is of the level 4.5-4.6 1. When using MMV Changes of organoleptic quality of quargs during 21 days of storage at 10 C @-milk quarg, @-whey proteins enriched quarg. ultrafiltration method the milk consumption is 3.2-3.8 l/kg of quarg (Friis, 1981; Gungerich, 1981) . To obtain 1 kg of quarg of the same composition but with whey protein/casein ration equal 1 : 1.7 it is sufficient to use UF retentates from 2:9 1 of milk and 11-12 1 of whey.
Organoleptic quality of quargs obtained from milk or from milk and whey has been good for 10 days of storage at 10 0 C, and no major difference.s were detected between the types of quargs (fig. 7) . The texture was firmer for UF milk quargs than for normal ones, the reason of this could be the higher calcium content. After 21 days of storage at 10 0 C, sorne bitterness and cheese like flaveur were detected. This could be an effect of proteolysis and protein degradation products. Taking into account that industrially produced quarg in Poland by traditional method has only two days lasting keeping quality limit, caused mainly by the low quality of raw milk (10 7 C.F.U./ml), the quarg obtained from the same milk by MMV method as described here had an exceptionaly good keeping quality, due to pasteurization of retentates before making the quarg. Low temperature pasteurization however does not destroy proteolytic and lipolytic enzymes, it concerns as weIl the rennet like microbial enzyme-fromase used for preparation of whey and other intracellular thermoresistant enzymes of Lactobacillus acidophilus origin for example. In this preliminary work we have not studied the extent ofeventual proteolysis, as from practical point of view it did not seem to be important.
Microbiological quality of pasteurized retentates ( fig. 8 ) and quargs was good. Whey retentates only were contamined with Coliform to the level 10/ml, but after pasteurization of acidified retentates, neither Coliform nor Enterococci were detected in 0.1 ml of retentates or quargs. As quargs were inoculated with 5 % of butter starter to assure the necessary level of viable lactic acid bacteria, but also to develop better flavour, the initial number of viable microorganisms in quargs was lOQ08 and rose to 10 9 -10 10 in 21 days of st orage at 10 0 C. It indicates that lower temperature should be used, to prevent exce.ssive proliferation of microorganisms, this would also improve the keeping quality. Yeasts and molds, from the initial number lOO/ml rose to lOc103• The results obtained in this work, as to the microbiological quality of UF quargs are similar to that obtained in our previous work (Ko.rolczuk and al., 1983) with acid cheese type tvarog made from pasteurized milk and pasteurized over-acidified milk. If compared ta the microbiological quality of ordinary, industrially produced quargs (Maleszewski and al., 1976; Burzynska, 1980; Feder, 1981; Maciejska-Roczan and Burzynska, 1981) 
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., '" -w Of course, it has to be stressed that this work was carried out on the laboratory scale. When scaling up, special precautions has to he taken as to the reinfection problems after pasteurization of the retentates.
From technological point of view, though we could not reach the pH level below 3.5 for the retentates, what waseasily accessible for the milk, but the low temperature long time (65°C, 20 min) pasteurization did not give any visible effects of protein coagulation, but at high concentration of protein, it is difficult to judge, if there were any changes. The viscosity of the retentate was too high to pass it through the plate heat exchanger.
We observed a gelification of whey protein retenta te, while heating at 65°C and even at 55°C. This needs to be quantified, but from technological point of view it improves the water holding capacity and probably prevents or decreases the expulsion of whey during storage of quarg.
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